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POWER SOURCE CIRCUIT AND METHOD
OF CONTROLLING POWER SOURCE
CIRCUIT

BACKGROUND OF THE INVENTION AND
RELATED ART STATEMENT

The present invention relates to a power source circuit and
amethod of controlling the power source circuit. In particular,
the present invention relates to a power source circuit utilized
for a wireless communication L.SI (Large Scale Integrated
circuit) and a method of controlling the power source circuit.

In a conventional L.SI (Large Scale Integrated circuit) used
for wireless communication, a power source circuit is pro-
vided for removing a fluctuation and a noise of a voltage
supplied thereto, so that the power source circuit supplies an
output voltage at a constant level with less noise to an internal
circuit. It has been known that the power source circuit for
supplying the output voltage includes a switching regulator of
astep-down type formed of a switching element and an induc-
tor capacitor, and a series regulator formed of a calculation
amplifier and an output transistor of a linear operation type.

When a conventional communication device is designed to
operate with a battery as a power source, it is desirable that the
conventional communication device is operational with
respect to a power source voltage within a wide range. The
switching regulator outputs the power source voltage sup-
plied from the power source to the inductor capacitor as
necessary, so that the switching regulator converts the power
source voltage to the output voltage. Accordingly, it is pos-
sible to minimize power loss. However, when the power
source voltage is decreased, a conversion efficiency of the
switching regulator tends to be deteriorated, or even the
switching regulator is not able to perform the switching
operation. Accordingly, the switching regulator tends to have
a relatively narrow range of the appropriate voltage input
from the power source.

On the other hand, the series regulator is capable of dealing
with a wide range of the power source voltage, and further is
capable of finely controlling the output transistor. Accord-
ingly, it is possible to obtain the appropriate output voltage.
However, when the power source voltage is high, it is neces-
sary to drop the power source voltage to the output voltage,
thereby increasing power loss.

Patent References 1 to 3 have disclosed a power source
device, in which the switching regulator and the series regu-
lator are connected in parallel or in series to utilize beneficial
features of the switching regulator and the series regulator.
Accordingly, the power source devices disclosed in Patent
References 1 to 3 are capable of dealing with the power source
voltage within a wide range while minimizing power loss.

Patent Reference 1: Japanese Patent Publication No. 2003-
216247

Patent Reference 2: Japanese Patent Publication No.
05-236650

Patent Reference 3: Japanese Patent Publication No. 2009-
177909

According to Patent Reference 1, the power source device
is formed of the switching regulator and the series regulator
connected in parallel. It is configured such that the switching
regulator and the series regulator are switched according to a
control signal.

According to Patent Reference 2, the power source device
is formed of the switching regulator and the series regulator
connected in series. In the power source device, it is possible
to switch according to the power source voltage whether the
switching regulator and the series regulator both are operated
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to generate the output voltage, or only the series regulator is
operated to generate the output voltage.

According to Patent Reference 3, the power source device
is formed of the switching regulator and the series regulator
connected in series. Further, the power source device per-
forms an operation in a stand-by mode or a normal mode.
When the power source device performs the operation in the
stand-by mode, the power source voltage is supplied to a
voltage smoothing capacitor, so that it is possible to shorten a
raising time upon returning to the normal mode.

As described above, in the power source device disclosed
in Patent Reference 1, the switching regulator and the series
regulator are connected in parallel, and are switched to gen-
erate the output voltage. Accordingly, the power source
device tends to generate a large noise upon switching.

Further, in the power source devices disclosed in Patent
Reference 2 and Patent Reference 3, the switching regulator
and the series regulator are connected in series, and are sepa-
rately controlled to operate and generate the output voltage.
Accordingly, it is possible to minimize a large noise upon
switching as is the case that the switching regulator and the
series regulator are connected in parallel. However, it is dif-
ficult to provide a power source circuit for wireless commu-
nication capable of shortening a raising time while minimiz-
ing power consumption.

In general, an LSI used for wireless communication is
provided with a lithium button battery as the power source
thereof, and the lithium button battery generates the power
source voltage between about 1.6 V and 3.6 V. In order to
reduce the power consumption of the LSI used for wireless
communication, it is necessary to intermittently terminate an
operation of the LSI. Accordingly, it is configured such that
the LSI switches an idle state and an operation state, thereby
reducing the power consumption thereof. In a normal usage,
the LSI tends to be in the idle state for a longer period of time.
Accordingly, it is imperative to shorten the raising time of the
LSI while reducing the power consumption thereof in the idle
state.

To this end, for example, in the power source device dis-
closed in Patent Reference 3, the voltage smoothing capacitor
is maintained at the power source potential even in the stand-
by state. However, even when the voltage smoothing capaci-
tor is maintained at the power source potential, the voltage
smoothing capacitor still supplies electron charges up to the
power source potential, or discharges electron charges to the
voltage range of the series regulator during the operation,
thereby consuming power. Accordingly, it is difficult to suf-
ficiently reduce the power consumption.

Further, in the power source device disclosed in Patent
Reference 3, in the stand-by state, the voltage smoothing
capacitor is controlled at the potential significantly different
from that thereof when the switching regulator performs a
normal operation. Accordingly, when the power source
device is transited from the stand-by state to the normal
operation state, it is necessary to adjust the voltage accumu-
lated in the voltage smoothing capacitor to a proper range.
Accordingly, it is difficult to sufficiently shorten the raising
time.

In view of the problems of the conventional power source
devices described above, an object of the present invention is
to provide a power source circuit and a method of controlling
a power source circuit capable of shortening the raising time
while minimizing the power consumption of the power
source circuit.
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Further objects and advantages of the invention will be
apparent from the following description of the invention.

SUMMARY OF THE INVENTION

In order to attain the objects described above, according to
a first aspect of the present invention, a power source circuit
includes a power source terminal for inputting a power source
voltage; a switching regulator including a switching circuit
connected to the power source terminal and a smoothing
circuit connected to the switching circuit; a series regulator
connected to the switching regulator in series; a switching
portion; and a control portion.

According to the first aspect of the present invention, the
smoothing circuit includes a capacitor and an inductor, so that
the smoothing circuit smoothes an output from the switching
circuit to output a first voltage. The series regulator is con-
nected to the switching circuit and the smoothing circuit in
series. Further, the switching regulator is configured to
receive the first voltage or the power source voltage, so that
the series regulator outputs a second voltage. The switching
portion has a first terminal connected to the power source and
a second terminal connected between the switching regulator
and the series regulator, so that the switching portion supplies
the power source voltage to the series regulator.

According to the first aspect of the present invention, the
control portion is configured to output a control signal for
controlling an operation state in which the series regulator
outputs the second voltage and an idle state in which the
switching regulator and the series regulator stop operating.
Further, the control portion is configured to measure the
power source voltage during the operation state, and to output
a switching signal for controlling the switching portion to
turn on or off in the idle state according to a measurement
result of the power source voltage.

According to a second aspect of the present invention, a
method is for controlling a power source circuit. The power
source circuit includes a power source terminal for inputting
a power source voltage; a switching regulator including a
switching circuit connected to the power source terminal and
a smoothing circuit connected to the switching circuit; a
series regulator connected to the switching regulator in series;
and a switching portion.

According to the second aspect of the present invention, the
smoothing circuit includes a capacitor and an inductor, so that
the smoothing circuit smoothes an output from the switching
circuit to output a first voltage. The series regulator is con-
nected to the switching circuit and the smoothing circuit in
series. Further, the series regulator is configured to receive the
first voltage or the power source voltage, so that the series
regulator outputs a second voltage. The switching portion has
a first terminal connected to the power source and a second
terminal connected between the switching regulator and the
series regulator, so that the switching portion supplies the
power source voltage to the series regulator.

According to the second aspect of the present invention, the
method includes the steps of: measuring the power source
voltage during an operation state of the power source circuit;
comparing the power source voltage thus measured with a
specific voltage when the operation state is transited to an idle
state; controlling the switching regulator and the series regu-
lator to be in the idle state, and controlling the switching
portion to turn off when the power source voltage is greater
than the specific voltage; and controlling the switching regu-
lator and the series regulator to be in the idle state, and
controlling the switching portion to turn on so that the power
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source circuit is switched to the idle state when the power
source voltage is smaller than the specific voltage.

According to the present invention, it is possible to shorten
a raising time while minimizing power consumption of the
power source circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
power source circuit according to an embodiment of the
present invention;

FIG. 2 is a circuit diagram showing the configuration of the
power source circuit according to the embodiment of the
present invention; and

FIGS. 3(a) to 3(d) are graphs showing an operation of the
power source circuit according to the embodiment of the
present invention, wherein FIG. 3(a) is a graph showing a
power source voltage of the power source circuit, FIG. 3(b) is
a graph showing an output voltage of a switching regulator of
the power source circuit, FIG. 3(¢) is a graph showing a
voltage of a capacitor of the power source circuit, and FIG.
3(d) is a graph showing an output voltage of a series regulator
of the power source circuit.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereunder, preferred embodiments of the present inven-
tion will be explained with reference to the accompanying
drawings.

FIG. 1 is a block diagram showing a configuration of a
power source circuit 1 according to an embodiment of the
present invention.

As shown in FIG. 1, the power source circuit 1 includes a
power source 10 for supplying a power source voltage: a
power source terminal 20 connected to the power source 10;
apower source voltage measuring portion 30 connected to the
power source terminal 20; a switching regulator 60; a series
regulator 70 connected to the switching regulator 60; a
switching portion 80; a control portion 90; and a wireless
communication circuit 100.

Further, as shown in FIG. 1, the switching regulator 60
includes a switching circuit 40 connected to the power source
terminal 20 and a smoothing circuit 50 connected to the
switching circuit 40. The switching portion 80 includes one
terminal connected to the power source terminal 20 and
another terminal connected between the switching regulator
60 and the series regulator 70. The control portion 90 is
configured to control the switching regulator 60, the series
regulator 70, and the switching portion 80. Further, an output
voltage from the series regulator 70 is supplied to the wireless
communication circuit 100.

Inthe embodiment, the power source 10 may be formed of,
for example, a lithium button battery and the like. The power
source 10 supplies the power source voltage in a range
between 1.6 Vand 3.6 V.

In the embodiment, the power source terminal 20 is pro-
vided for receiving the power source voltage from the power
source 10. Further, the power source terminal 20 is connected
to the power source voltage measuring portion 30, the switch-
ing regulator 60, and the switching portion 80.

In the embodiment, the power source voltage measuring
portion 30 is connected to the power source terminal 20, and
is configured to measure the power source voltage according
to a signal from the control portion 90, so that the power
source voltage measuring portion 30 outputs a measurement
result to the control portion 90. Further, the power source
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voltage measuring portion 30 is formed of, for example, an
electrical circuit having relatively large power consumption
about 1 mA such as, for example, an AD converter. The series
regulator 70 supplies an output voltage to the power source
voltage measuring portion 30, so that the power source volt-
age measuring portion 30 performs an operation.

In the embodiment, the switching regulator 60 is formed of
the switching circuit 40 connected to the power source termi-
nal 20 and the smoothing circuit 50 connected to the switch-
ing circuit 40. The switching regulator 60 is provided for
dropping the power source voltage from the power source 10
to a voltage of, for example, about 1.5 V.

In the embodiment, the series regulator 70 is connected to
the smoothing circuit 50 of the switching regulator 60. The
series regulator 70 is provided for dropping the power source
voltage or the voltage output from the switching regulator 60
to a voltage of, for example, about 1.2 V.

As described above, the switching portion 80 includes one
terminal connected to the power source terminal 20 and
another terminal connected between the smoothing circuit 50
of'the switching regulator 60 and the series regulator 70. The
switching portion 80 is capable of supplying the power source
voltage to the series regulator 70 without passing through the
switching regulator 60 according to the power source voltage,
and is controlled according to a switching signal output from
the control portion 90.

In the embodiment, the control portion 90 is connected to
the power source voltage measuring portion 30. Further, the
control portion 90 is configured to output the control signal
and the switching signal to the switching regulator 60, the
series regulator 70, and the switching portion 80, respectively.

In the embodiment, the wireless communication circuit
100 is formed of a load circuit to which the output voltage
from the series regulator 70 is supplied, and is configured to
perform wireless communication. More specifically, the
wireless communication circuit 100 is provided for transmit-
ting and receiving a signal with other wireless communica-
tion device through wireless communication.

FIG. 2 is a circuit diagram showing the configuration of the
power source circuit 1 according to the embodiment of the
present invention. In FIG. 2, the switching regulator 60, the
series regulator 70, and the switching portion 80 are partially
represented with circuit diagrams.

As shown in FIG. 2, the switching circuit 40 of the switch-
ing regulator 60 includes a PMOS transistor 41; an NMOS
transistor 42; a pulse generation circuit 43; a voltage com-
parison circuit 44; and a first reference voltage circuit 45. The
PMOS ftransistor 41 has one end portion connected to the
power source terminal 20 and the other end portion connected
to an inductor L1. The NMOS transistor 42 has one end
portion connected to the other end portion of the PMOS
transistor 41 and the other end portion connected to ground.

In the embodiment, the pulse generation circuit 43 is pro-
vided for outputting a pulse wave to gate electrodes of the
PMOS transistor 41 and the NMOS transistor 42, so that the
PMOS transistor 41 and the NMOS transistor 42 are con-
trolled. The voltage comparison circuit 44 is configured to
receive the voltage output from the smoothing circuit 50 and
a first reference voltage, and to compare the voltage and the
first reference voltage, so that the voltage comparison circuit
44 outputs a difference to the pulse generation circuit 43. The
first reference voltage circuit 45 is provided for supplying the
first reference voltage to the voltage comparison circuit 44.

In the embodiment, the smoothing circuit 50 includes the
inductor L1 connected to the other end portion of the PMOS
transistor 41 and a capacitor C1. The capacitor C1 has one end
portion connected to the inductor [.1 and the other end portion
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connected to ground. The inductor L1 has an inductance of,
for example, about 10 uH, and the capacitor C1 has a capaci-
tance of, for example, about 10 pF.

In the embodiment, the voltage comparison circuit 44 of
the switching regulator 60 compares the voltage output from
the smoothing circuit 50 with the first reference voltage.
Further, the pulse generation circuit 43 of the switching regu-
lator 60 generates the pulse wave to turn on or off the PMOS
transistor 41 and the NMOS transistor 42, so that the switch-
ing regulator 60 outputs the output voltage at a constant level.
In particular, the pulse generation circuit 43 supplies the
signal to the PMOS transistor 41 and the NMOS transistor 42
to turn off according to the signal from the control portion 90,
so that the switching regulator 60 is in the idle state.

In the embodiment, the series regulator 70 includes a
PMOS transistor 71; an operational amplifier 72 connected to
a gate electrode of the PMOS transistor 71; and a second
reference voltage circuit 73. The PMOS transistor 71 has one
end portion connected to the inductor .1 and the capacitor
C1, and the other end portion connected to the wireless com-
munication circuit 100. The operational amplifier 72 is con-
figured to receive the output from the other end portion of the
PMOS transistor 71 and a second reference voltage. The
second reference voltage circuit 73 is provided for supplying
the second reference voltage to the operational amplifier 72.
As described above, the series regulator 70 is configured to
output the output voltage of about 1.2V, and supply an elec-
trical current of about 10 mA when the wireless communica-
tion circuit 100 is operated.

In the embodiment, the operational amplifier 72 of the
series regulator 70 is configured to compare the output from
the PMOS transistor 71 with the second reference voltage to
control a gate voltage of the PMOS transistor 71, so that the
series regulator 70 is operated to obtain the output voltage at
a constant level. In the idle state, the operational amplifier 72
supplies a signal to the PMOS transistor 71 to turn off the
PMOS transistor 71 according to a signal from the control
portion 90, so that the series regulator 70 is in the idle state.

In the embodiment, the switching portion 80 is formed of a
PMOS transistor 81. The PMOS transistor 81 is configured to
turn on or off according to a signal from the control portion
90. Accordingly, it is possible to control whether the switch-
ing portion 80 supplies the power source voltage to the series
regulator 70.

An operation of the power source circuit 1 will be
explained next with reference to FIG. 2 and FIGS. 3(a) to
3(d). FIGS. 3(a) to 3(d) are graphs showing the operation of
the power source circuit 1 according to the embodiment of the
present invention.

In the embodiment, the wireless communication circuit
100 does not perform the wireless communication all the
time. Rather, the wireless communication circuit 100 is
repeatedly in the operation state and the idle state for a spe-
cific period of time. In particular, the wireless communication
circuit 100 is configured to shorten a rising period when the
power source circuit 1 is transited from the idle state to the
operation state, an operation period when the wireless com-
munication circuit 100 perform the wireless communication,
and a down period when the power source circuit 1 is transited
from the operation state to the idle state. Accordingly, it is
possible to maintain the idle state of the power source circuit
1, in which the power consumption of the power source
circuit 1 is low, as long as possible.

In a first operation state as the operation state of the power
source circuit 1 when the power source circuit 1 starts oper-
ating, before the power source circuit 1 is transited to the idle
state, the power source voltage is measured. When the power
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source voltage is greater than a specific voltage, the switching
portion 80 is controlled to turn off. Further, the switching
regulator 60 and the series regulator 70 are operated, so that
the output voltage is supplied to the wireless communication
circuit 100.

In a second operation state as the operation state of the
power source circuit 1 when the power source voltage is
smaller than the specific voltage, the switching portion 80 is
controlled to turn on. Further, the switching regulator 60 stops
operating and the series regulator 70 is operated, so that the
power source voltage is directly supplied to the series regu-
lator 70, and the output voltage is supplied to the wireless
communication circuit 100.

In the embodiment, the first operation state and the second
operation state are not switched during a period of time when
the power source circuit 1 in the operation state. Rather, the
power source circuit 1 is in the operation state while the power
source circuit 1 is being in either of the first operation state
and the second operation state for a specific period of time. It
should be noted that the specific voltage may be a voltage as
aratio of the power source voltage corresponding to 60% of a
period from when the power source 10 is fully charged to
when the power source 10 is completely discharged. Alterna-
tively, the specific voltage may be set through reversely cal-
culating from the operation range of the switching regulator
60. In the embodiment, the specific voltage is set, for
example, 2.3 V calculated from the operation range of the
switching regulator 60.

In a first idle state as the idle state of the power source
circuit 1, when the power source voltage is greater than the
specific voltage, the switching portion 80 is controlled to turn
off. Further, the switching regulator 60 and the series regula-
tor 70 are in the idle state, so that the power source circuit 1 is
in the idle state. In a second idle state as the idle state of the
power source circuit 1 when the power source voltage is
smaller than the specific voltage, the switching portion 80 is
controlled to turn on. Further, the switching regulator 60 and
the series regulator 70 stop operating, so that the power source
circuit 1 is in the idle state.

A process of controlling the operation state and the idle
state of the power source circuit 1 when the power source 10
is gradually discharged and the power source voltage is
decreasing after the power source 10 is fully charged will be
explained next.

FIG. 3(a) is a graph showing the power source voltage of
the power source circuit 1. FIG. 3(b) is a graph showing the
output voltage of the switching regulator 60 of the power
source circuit 1. FIG. 3(¢) is a graph showing the voltage of
the capacitor C1 of the power source circuit 1. FIG. 3(d) is a
graph showing the output voltage of the series regulator 70 of
the power source circuit 1.

In the embodiment, when the power source voltageis 3.6 V
and greater than the specific voltage 0of 2.2V as shown in FIG.
3(a), the power source circuit 1 is operating in the first opera-
tion state for a specific period of time. Accordingly, as shown
in FIGS. 3(b) and 3(d), the switching regulator 60 and the
series regulator 70 output the output voltages. Before the
specific period of time is elapsed, the power source voltage
measuring portion 30 measures the power source voltage and
outputs the measurement result to the control portion 90. It
should be noted that the power source voltage measuring
portion 30 includes the AD converter as described above.
Accordingly, it is necessary to supply an electrical current of
about 1 mA, so that the power source voltage measuring
portion 30 tends to have large power consumption. For this
reason, when the power source circuit 1 is in the idle state, the
power source voltage measuring portion 30 stops operating.
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Further, as shown in FIG. 3(¢), the capacitor C1 is accumu-
lating a potential corresponding to the output voltage of the
switching regulator 60.

In the embodiment, the control portion 90 measures the
measurement result of the power source voltage from the
power source voltage measuring portion 30 with the specific
voltage. When the measurement result of the power source
voltage is greater than the specific voltage, the power source
circuit 1 becomes the first idle state, in which the switching
portion 80 is turned off, and the switching regulator 60 and the
series regulator 70 stop operating as shown in FIGS. 3(a),
3(b), and 3(d).

At this moment, when the power source circuit 1 is
switched from the first idle state to the operation state, the
power source voltage is still greater than the specific voltage.
Accordingly, it is configured that the power source circuit 1 is
switched from the first idle state to the operation state such
that the power source circuit 1 switched to the first operation
state. More specifically, after the power source circuit 1 is in
the idle state for the specific period of time, the control portion
90 outputs the switching signal and the control signal, so that
the switching portion 80 is turned off, and the switching
regulator 60 and the series regulator 70 are operating.

In the embodiment, when the power source circuit 1 per-
forms the operation described above, in the idle state, the
PMOS transistor 41 and the NMOS transistor 42 of the
switching circuit 40 are turned off; the PMOS transistor 71 of
the series regulator 70 is turned off; and the PMOS transistor
81 of the switching portion 80 is turned off, so that the power
source circuit 1 becomes the idle state. Accordingly, the
capacitor C1 of the smoothing circuit 50 is isolated from any
path and becomes the idle state while maintaining electron
charges accumulated during the operation state. When the
power source circuit 1 is transited from the first idle state to
the operation state, electron charges of the capacitor C1 are
stored unchanged as in the operation state. Accordingly, it is
possible to start the operation without charging the capacitor
C1, thereby shortening the raising speed.

Further, in the embodiment, the power source circuit 1 is
configured in advance such that the power source circuit 1 is
transited to the first operation state when the power source
circuit 1 is transited to the operation state. Accordingly, when
the power source circuit 1 is transited to the operation state, it
is possible to transit to the operation state without confirming
the state of the power source voltage after the power source
voltage measuring portion 30 is started up and the power
source circuit 1 is transited to the operation state, thereby
shortening the raising speed. It should be noted that the
capacitance of the capacitor C1 tends to be decreased when
the power source circuit 1 is transited from the idle state to the
operation state to more extent than when the power source
circuit 1 is transited from the operation state to the idle state.
Accordingly, the capacitance of the capacitor C1 is gradually
decreased during the idle state as shown in FIG. 3(c).

In the embodiment, when the power source voltage is
decreased due to discharging and the measurement result of
the power source voltage measuring portion 30 becomes
below the specific voltage during the first operation state, the
power source circuit 1 is transited to the second idle state, in
which the switching portion 80 is turned on, and the switching
regulator 60 and the series regulator 70 become the idle state.
When the power source circuit 1 is transited from the second
idle state to the operation state, the power source voltage is
still below the specific voltage at this moment. Accordingly,
in order to transit to the second operation state, it is configured
in advance such that the control portion 90 outputs the switch-
ing signal and the control signal so that the switching portion
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80 is turned on, the switching regulator 60 becomes the idle
state, and the series regulator 70 becomes the operation state
after the specific period of time is elapsed. Accordingly, the
power source circuit 1 is transited to the second idle state.

In the embodiment, as described above, when the power
source circuit 1 is transited from the idle state to the operation
state, the power source circuit 1 is configured in advance to
transit to the second operation state. Accordingly, when the
power source circuit 1 is transited to the operation state, it is
possible to transit to the operation state without confirming
the state of the power source voltage after the power source
voltage measuring portion 30 is started up and the power
source circuit 1 is transited to the operation state, thereby
shortening the raising speed. Further, the power source circuit
1 is configured such that the capacitor C1 is connected to the
power source voltage, so that the capacitor C1 holds electron
charges, thereby shortening the raising speed. When the
capacitor C1 is maintained with the power source voltage, a
difference to the voltage appropriate for inputting the series
regulator 70 is not generated when the power source circuit 1
is transited to the operation state. Accordingly, when the
power source voltage is decreased, there is no loss associated
with, thereby shortening the raising speed.

In the embodiment, when the power source circuit 1 is
operating in the second operation state, the control portion 90
compares the measurement result of the power source voltage
measuring portion 30 with the specific voltage. When the
power source voltage is increased due to charging and the
like, and exceeds the specific voltage, the control portion 90
controls the power source circuit 1 such that the power source
circuit 1 is transited to the first idle state. At this moment, the
power source voltage is still greater than the specific voltage,
the power source circuit 1 is transited from the first idle state
to the first operation state. Further, when the power source
voltage becomes lower than the specific voltage when the
power source circuit 1 is operating in the second operation
state, the control portion 90 controls the power source circuit
1 such that the power source circuit 1 is transited to the second
idle state. Similarly, the power source circuit 1 is transited
from the second idle state to the second operation state.

As described above, in the embodiment, according to the
power source voltage, the idle state and the operation state
afterward are controlled, so that it is possible to shorten the
raising speed from the idle state to the operation state. Fur-
ther, it is possible to reduce the power consumption of the
power source circuit 1.

In the embodiment, it should be noted that the configura-
tion and the operation of the power source circuit 1 are
examples, and the present invention may be modified within
the scope of the invention. For example, the control portion 90
may be configured such that, when the wireless communica-
tion circuit 100 is attached to a battery and starts operating,
the power source circuit 1 is started in the second operation
state for adjusting the switching regulator 60. After the
switching regulator 60 is started, the power source voltage is
measured to determine the next idle state, so that the power
source circuit 1 is transited to the corresponding idle state.

Further, the control portion 90 may be configured such that
the power source circuit 1 is started in the first operation state
all the time upon the initial start up. After the power source
voltage is measured, the power source circuit 1 is transited to
the idle state. When the idle state is prolonged for a long
period of time, the power source voltage may fluctuate to a
large extent. In this case, the control portion 90 may be
provided with a timer portion and the like. Further, the control
portion 90 may be configured such that, when the power
source circuit 1 is not transited for a specific period of time,
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the power source circuit 1 is transited to the operation state
according to an elapsed time of the idle state.

Further, the specific voltage in the first operation state may
be set differently from the specific voltage in the second
operation state. For example, the specific voltage in the first
operation state may be set smaller than the specific voltage in
the second operation state. Accordingly, when the power
source circuit 1 is transited, a hysteresis may be generated. As
a result, it is possible to prevent vibration transition between
the first operation state and the second operation state near the
specific voltage. Further, it may be configured such that, when
the power source circuit 1 is transited from the first operation
state to the second operation state through the idle state, the
control portion 90 controls the power source circuit 1 with the
timer portion to prohibit the state transition for a specific
period of time.

The disclosure of Japanese Patent Application No. 2014-
174540, filed on Aug. 28, 2014, is incorporated in the appli-
cation by reference.

While the invention has been explained with reference to
the specific embodiments of the invention, the explanation is
illustrative and the invention is limited only by the appended
claims.

What is claimed is:

1. A power source circuit, comprising:

a power source terminal for inputting a power source volt-

age;

a switching regulator including a switching circuit con-
nected to the power source terminal and a smoothing
circuit connected to the switching circuit;

a series regulator connected to the switching regulator in
series;

a switching portion; and

a control portion,

wherein said smoothing circuit includes a capacitor and an
inductor so that the smoothing circuit smoothes an out-
put from the switching circuit to output a first voltage,

said series regulator is connected to the switching circuit
and the smoothing circuit in series, and is configured to
receive the first voltage or the power source voltage so
that the series regulator outputs a second voltage,

said switching portion has a first terminal connected to the
power source and a second terminal connected between
the switching regulator and the series regulator so that
the switching portion supplies the power source voltage
to the series regulator,

said control portion is configured to output a control signal
for controlling an operation state in which the series
regulator outputs the second voltage and an idle state in
which the switching regulator and the series regulator
stop operating, and

said control portion is configured to measure the power
source voltage during the operation state, and to outputa
switching signal for controlling the switching portion to
turn on or off in the idle state according to a measure-
ment result of the power source voltage.

2. The power source circuit according to claim 1, wherein
said control portion is configured to output an operation sig-
nal for controlling the switching regulator and the series
regulator to turn on or off according to the switching signal
output during the idle state when the power source circuit is
transited from the idle state to the operation state.

3. The power source circuit according to claim 1, wherein
said control portion is configured to output the switching
signal for controlling the switching portion to turn off when
the power source voltage is greater than a specific voltage,
and for controlling the switching portion to turn on when the
power source voltage is smaller than the specific voltage so
that the power source circuit is transited to the idle state.
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4. The power source circuit according to claim 2, wherein
said control portion is configured to output the operation
signal for controlling the switching regulator and the series
regulator to turn on when the power source voltage is greater
than a specific voltage, and for controlling the switching
regulator to turn off and the series regulator to turn on when
the power source voltage is smaller than the specific voltage.

5. The power source circuit according to claim 1, wherein
said switching circuit of the switching regulator includes:

a first transistor of a first conductive type having a source
electrode connected to the power source terminal and a
drain electrode connected to the inductor;

a second transistor of a second conductive type different
from the first conductive type having a source electrode
connected to the inductor and a drain electrode con-
nected to ground;

apulse generation circuit for controlling the gate electrode
of'the first transistor and the gate electrode of the second
transistor; and

a comparison circuit for receiving a first reference voltage
based on the power source voltage and the first voltage
from the smoothing circuit, and for outputting a com-
parison result between the first reference voltage and the
first voltage, and

said control portion is configured to output the control
signal to the pulse generation circuit to control the
switching regulator.

6. The power source circuit according to claim 1, wherein

said series regulator includes:

an output transistor connected to the switching regulator
and the switching portion for outputting the second volt-
age; and

an operational amplifier for receiving a second reference
voltage based on the power source voltage and the sec-
ond voltage from the smoothing circuit, and for output-
ting a control voltage to a gate electrode of the output
transistor, and

said control portion is configured to output the control
signal to the operational amplifier to control the series
regulator.
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7. A method of controlling a power source circuit, wherein

said power source circuit includes:

a power source terminal for inputting a power source volt-
age;

a switching regulator including a switching circuit con-
nected to the power source terminal and a smoothing
circuit connected to the switching circuit;

a series regulator connected to the switching regulator in
series;

a switching portion; and

a control portion,

said smoothing circuit includes a capacitor and an inductor
so that the smoothing circuit smoothes an output from
the switching circuit to output a first voltage,

said series regulator is connected to the switching circuit
and the smoothing circuit in series, and is configured to
receive the first voltage or the power source voltage so
that the series regulator outputs a second voltage,

said switching portion has a first terminal connected to the
power source and a second terminal connected between
the switching regulator and the series regulator so that
the switching portion supplies the power source voltage
to the series regulator, and

said method comprises the steps of:

measuring the power source voltage during an operation
state of the power source circuit;

comparing the power source voltage thus measured with a
specific voltage when the operation state is transited to
an idle state;

controlling the switching regulator and the series regulator
to be in the idle state, and controlling the switching
portion to turn off when the power source voltage is
greater than the specific voltage; and

controlling the switching regulator and the series regulator
to be in the idle state, and controlling the switching
portion to turn on so that the power source circuit is
switched to the idle state when the power source voltage
is smaller than the specific voltage.

#* #* #* #* #*



